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DETAILED ACTION 

This Office action is in response to application papers filed on 18 March 2004. 
Claim Rejections - 35 USC §112 

1 . The following is a quotation of the second paragraph of 35 U.S.C, 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

2. Claim 6 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 6 recites the limitation "said second diffusion barrier layer" in lines 17-18. 
There is insufficient antecedent basis for this limitation in claim 6. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 



Application/Control Number: 10/803,475 
Art Unit: 2813 



Page 3 



A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. Claims 6, 8-9, 13 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Avanzino et al. (US 6,469,385 B1). 

Referring to Fig. 3 and column 5, line 1 1 to column 6, line 44, Avanzino et al. 
disclose an interconnect structure that includes the following features: 

• A semiconductor wafer (200) that includes first and second channels (202, 204) 
(i.e. trenches) connected by a via (206); 

• The first channel (202) is embedded in a first dielectric layer (208) and includes a 
first conductor core (230) that can be copper lined with a first seed layer (228) 
that can be a copper alloy; 

• A via stop layer (220) (i.e. a cap) on the conductor core (230); 

• A second dielectric layer (212) over the via stop layer (220); 

• A channel stop layer (222) over the- second dielectric layer (21 2); 

• The via (206) is over the conductor core (230) and through the via stop layer 
(220); 

• The sides of the via (206) and the second channel (204) are surrounded by a 
region of SiC(H) barrier material (231 ); 

• The via (206) and the second channel (204) are lined with a second seed layer 
(234) that can be a copper alloy and are filled with a second conductor core (236) 
that can be copper; 
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• Oxygen gettering layers (226, 232) are optional, so the second seed layer (234) 
can be in direct contact with the first copper core (230); and 

• The SiC(H) barriers are formed by reducing exposed surfaces of dielectric layers 
(216, 208, 212, 210), which implies that the channel stop layer (222) is a different 
material that is also capable of functioning as a diffusion barrier layer since some 
portions would be in direct contact with the second seed layer (234) when the 
gettering layers (226, 232) are not used. 

These are ail of the limitations set forth in claims 6, 8-9, 13 of the applicant's 
invention. 

5. Claim 8 is rejected under 35 U.S.C. 102(b) as being anticipated by Nguyen et al. 
(US 5,904,565). . 

Referring to Fig. 18 and column 8, line 59 to column 10, line 53, Nguyen et al. 
disclose an interconnect structure for an integrated circuit (160) that includes the 
following features; 

• A first metal level (162) (i.e. a substrate); 

• A first dielectric layer (166) over the first metal level (162); 

• A first trench (1 72 in Fig. 17) in the first dielectric layer (166) that is lined with a 
third barrier layer (1 86) that can be a conductive material like refractory materials 
or refractory metal compounds and is typically filled with copper (188); 

• A second dielectric layer (1 92) with a dual damascene opening corresponding to 
a second via (200) and a second trench (206) over the copper-filled trench (188); 
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• A sixth barrier layer (214) over sidewalls of the second via (200) and the second 
trench (206); and 

• A fifth barrier layer (212) covering horizontal surfaces of the second trench (206); 

• The fifth barrier layer (212) is non-conductive, while the sixth barrier layer (214) 
can be conductive (also see column 12, lines 6-17), in which case they would be 
different materials. 

These are all of the limitations set forth in claim 8 of the applicant's invention. 

6. Claims 15-16 are rejected under 35 U.S.C. 102(b) as being anticipated by Barr et 
al. (US 2002/0093098 A1). 

Referring to Fig. 12 and paragraphs [0022] to [0026], Barr et al. disclose an 
interconnect structure that includes the following features: 

• A semiconductor substrate (100) (also see paragraph [0009]); 

• A dielectric layer (124) over the substrate (100) that is embedded with a dual 
damascene via/trench structure comprising a copper fill (128) with an 
adhesion/barrier liner (126) of a refractory metal and/or refractory metal nitride 
(also see paragraphs [001 0] to [001 1 ]); 

• A conductive barrier layer (82) formed over the copper fill (1 28) that can be a 
conductive metal oxide with corresponding metal like ruthenium with ruthenium 
oxide (also see paragraph [001 3]); and 
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• A passivation layer (92) that is typically silicon nitride, silicon oxynitride, or silicon 
dioxide (i.e. a dielectric layer) is formed over the conductive barrier layer (82) and 
the dielectric layer (124). 

These are all of the limitations set forth in claims 15-16 of the applicant's 
invention. 

Claim Rejections • 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

8. Claims 3-4 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nguyen et al. (US 5,904,565) in view of Ting et al. (US 5,969,422). 

Referring to Fig. 18 and column 8, line 59 to column 10, line 53, Nguyen et al. 
disclose an interconnect structure for an integrated circuit (1 60) that includes the 
following features; 

• A first metal level (162) (i.e. a substrate); 

• A first dielectric layer (166) over the first metal level (162); 
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• A first trench (1 72 in Fig. 1 7) in the first dielectric layer (166) that is lined with a 
third barrier layer (1 86) that can be a conductive material like refractory materials 
or refractory metal compounds and is typically filled with copper (188); 

• The copper-filled trench (188) is covered with a fourth barrier layer (190); 

• A second dielectric layer (1 92) with a dual damascene opening corresponding to 
a second via (200) and a second trench (206) over the fourth barrier layer (190); 

• The second via (200) extends through the fourth barrier layer (1 90) to the 
copper-filled trench (188); 

• A fifth barrier layer (212) covering horizontal surfaces of the second dielectric 
layer (192) including the bottom of the second trench (206) that is formed of a 
non-conductive material like silicon nitride (also see column 12, lines 6-13); 

• A sixth barrier layer (21 4) over sidewalls of the second via (200) and the second 
trench (206) that can be formed of a conductive material (also see column 12, 
lines 6-17); and 

• The second via (200) and the second trench (206) are typically filled with copper 
(also see column 1 1 , line 58 to column 12, line 1 7). 

These are limitations set forth in claim 3 of the applicant's invention. 

However, Nguyen et al. do not expressly teach or suggest an alloy seed layer 
that comprises copper over the conductive diffusion barrier, which is also a limitation of 
claim 3. More specifically, Nguyen et al. do not expressly teach or suggest an alloy 
seed layer that comprises copper and at least one of tantalum, molybdenum, chromium, 



Application/Control Number: 10/803,475 Page 8 

Art Unit: 2813 

and tungsten, which is the further limitation to claim 3 as set forth in claim 4 of the 
applicant's invention. 

Ting et al. teach a copper seed layer (14, 22) that is alloyed with a refractory 
metal like tantalum, molybdenum, chromium, or tungsten (advantageously copper 
alloyed with either tantalum or tungsten) that can be used for plating copper 
interconnects (15, 23) (see Fig. 2, column 6, lines 56-65, and column 8, line 65 to 
column 9, line 30). 

Therefore it would have been obvious to a person of ordinary skill in the art at the 
time the invention was made to combine the teachings of Nguyen et al. and Ting et al. 
in order to use a copper tantalum or copper tungsten seed layer, as taught by Ting et 
al., for filling the dual damascene openings of Nguyen et al. with copper by plating. Ting 
et al. recognize numerous advantages for using a copper tantalum or copper tungsten 
seed layer including improved step coverage, the capability of functioning as a barrier 
layer, and improved adhesion (see column 1 1 , line 59 to column 12, line 7). 

9. Claims 10, 14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Avanzino et al. (US 6,469,385 B1 ) as applied to claims 9, 13 above, respectively, and 
further in view of Ting et al. (US 5,969,422). 

As shown above, Avanzino et al. anticipate claims 9, 13 of the applicant's 
invention. However, Avanzino et al. do not expressly teach or suggest an alloy seed 
layer that comprises copper and at least one of tantalum and chromium, which are the 
further limitations to claims 9, 13 as set forth in claims 10, 14, respectively, of the 
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applicant's invention: Ting et at. teach a copper seed layer (14, 22) that is alloyed with 
a refractory metal like tantalum or chromium (advantageously copper alloyed with 
tantalum) that can be used for plating copper interconnects (15, 23) (see Fig. 2, column 
6, lines 56-65, and column 8, line 65 to column 9, line 30). 

Therefore it would have been obvious to a person of ordinary skill in the art at the 
time the invention was made to combine the teachings of Avanzino et al. and Ting et al. 
in order to use a copper tantalum seed layer for plating copper, as taught by Ting et al., 
to form the copper cores of Avanzino et al. Ting et al. recognize numerous advantages 
for using a copper tantalum seed layer including improved step coverage, the capability 
of functioning as a barrier layer, and improved adhesion (see column 1 1 , line 59 to 
column 12, line 7). 

Allowable Subject Matter 

10. Claims 1-2, 7 are allowed. 

1 1 . Claims 5, 11-12, 17 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form to include all of the 

limitations of the base claim and any intervening claims. 

12. The following is a statement of reasons for the indication of allowable subject 
matter: 
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• Claims 1 -2 are allowed because the prior art of record does not teach or 
suggest, in combination with the other claim limitations, an integrated circuit that 
includes a cap layer comprising metal on a first conductive region comprising 
copper within a trench, combined with a via over the first conductive region and 
through the cap layer, wherein an alloy seed layer comprising copper and at 
least one of tantalum, molybdenum, chromium, and tungsten is over a diffusion 
barrier layer on sidewalls of the via and wherein the alloy seed layer is in contact 
with the first conductive region; 

• Claim 5 would be allowable because the prior art of record does not teach or 
suggest, in combination with the other claim limitations, an integrated circuit that 
includes a cap layer comprising metal on a first conductive region comprising 
copper within a trench, combined with a via over the first conductive region and 
through the cap layer, wherein an alloy seed layer comprising copper is over a 
conductive diffusion barrier layer on sidewalls of the via and wherein the alloy 
seed layer is in contact with the first conductive region; 

• Claim 7 is allowed because the prior art of record does not teach or suggest, in 
combination with the other claim limitations, an integrated circuit that includes a 
cap layer comprising at least one of palladium and platinum on a first conductive 
region comprising copper within a trench, combined with a via over the first 
conductive region and through the cap layer, wherein an alloy seed layer 
comprising copper and at least one of tantalum, molybdenum, chromium, and 



Application/Control Number: 10/803,475 Page 11 

Art Unit: 2813 

tungsten is over a third diffusion barrier on sidewalls of a via and the alloy seed 
layer is in contact with the first conductive region; 

• Claims 11-12 would be allowable because the prior art of record does not teach 
or suggest, in combination with the other claim limitations, an integrated circuit 
that includes a cap layer comprising at least one of palladium and platinum on a 
first conductive region comprising copper within a first trench, combined with a 
first diffusion barrier over via and second trench sidewalls corresponding to a 
dual damascene opening and combined with a second diffusion barrier over 
horizontal surfaces of the second trench opening, wherein the first diffusion 
barrier and the second diffusion barrier are different materials; and 

• Claim 1 7 would be allowable because the prior art of record does not teach or 
suggest, in combination with the other claim limitations, an integrated circuit that 
includes a diffusion barrier/cap layer comprising a metal and a conductive oxide 
of the metal over a first conductive region comprising copper within a trench, 
combined with a layer of silver and a layer of palladium between the diffusion 
barrier/cap layer and the first conductive region. 

Conclusion 



13. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Maniar et al. teach a rhenium with rhenium oxide cap layer. Ngo 
et al. teach copper alloy seed layers. Nakano et al. teach an interconnect structure that 



Application/Control Number: 10/803,475 



Page 12 



Art Unit: 2813 

features forming a via through a metal cap. Chung teaches an interconnect structure 
that features a conductive barrier formed on sidewalls. 

14. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Stephen W. Smoot whose telephone number is 571- 
272-1698. The examiner can normally be reached on M-F (8:00 am to 4:30 pm). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor. Car! Whitehead, Jr. can be reached on 571-272-1702. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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